Exhibit 3 



ADVANCED 

ORGANIC 

CHEMISTRY 



REACTIONS, 
MECHANISMS, AND 
STRUCTURE 

FOURTH EDITION 
Jerry March 

Professor of Chemistry 
Adclphi Univertily 



A Witey-lntcrscience Publication 
JOHN WILEY & SONS 

New York • Chichester » Brisbane • Toronto • Singapore 



1278 



CLASSIFICATION OF REACTIONS BY TYPE OF COMPOUND SYNTHESIZED 



APPEND) 



Amino Adds and Esters (continued) 

resulting oxime or nitroso com- 
pound 

2-11 From acyl halides and a dialkyl azo- 
dicarboxylatc 

6-5 Hydrolysis of cyanohydrins 

(-16 Reaction between aldehydes, am- 
monia, and carboxylic acids or esters 

640 Addition of cyanide and ammonium 
ions to aldehydes or ketones, fol- 
lowed by hydrolysis (Strecker) 

8-14 Reaction between imides and 
NaOBr (Hofmann) 



> Carbooyl < 
046 Animation of a-hydroxy ketones 

0- 47 Transamination of Mannich bases 

1- 36 Photolysis of acylated arylamines 
6-16 Reaction between aldehydes, am- 
monia, and aldehydes, ketones, or 
esters (Mannich) 

8-13 Rearrangement of ketoxime tosyl- 
ates (Neber) 

8- 22 Rearrangement of quaternary am- 

monium salts (Stevens) 

9- 23 Oxidation of certain < 



0-18 Alcoholysis of aziridines 

5- 39 Aminomercuration of alkenes, fol- 

lowed by alcoholysis 

6- 16 Reaction between aldehydes, 

amines, and alcohols or phenols 
(Mannich) 

Amino Thiols 

Animation of episulfides 
Sulfurization of aromatic 
(Herz) 

Reaction between an aldehyde, 
monia, and a thiol (Mannich) 



1-9 
6-16 



Anhydrides 

0-27 Reaction of acyl halides with acid 
salts 

0-28 Dehydration of carboxylic acids 
0-33 Reaction of acid derivatives with in- 
organic acids 

3- 15 From aryl halides and CO 

4- 11 Acyloxylation of aldehydes 



4- 31 Reaction between diazonium fluo- 

roboratcs, CO, and an acid salt 

5- 5 Addition of carboxylic acids to ke- 



5-22 Free-radical addition of anhydrides 
to olefins 

8- 20 Reaction between a-dOtetones and 

peroxy compounds (Bacycr-Villi- 
ger) 

9- 10 Oxidation of aromatic rings 
Arenas 

0-76 Reduction of aryl and benzylic hal- 
ides 

0-78 Hydrogenolysis of benzyl alcohols 

0-79 Reduction of benzylic ethers 

0-86 Coupling of halides containing aryl 



0*7 



M3 

1-13 

1-22 
1-23 

147 

148 



1-39 
1-41 

1-42 
1-44 

240 
241 
245 
Z46 

248 

3-9 

3-10 
3-13 



Coupling of aryl halides with organ- 
ometallic reagents 
Coupling of benzylic alcohols 
AJkylation of aromatic rings (Frio- 
del-Crafts) 

Arylation of aromatic rings (Scholl) 
Diarylation of ketones 
Ring closure of aryl-substituted car- 
bonyl compounds 

Cleavage or rearrangement of alkyl 
arenes 

Decarbonyiation of aromatic alde- 
hydes or deacylatJon of aromatic ke- 
tones 

Decarboxylation of aromatic adds 
Desulfonation of aromatic sulfonic 



Pehalogenation of aryl halides 
Hydrolysis of organometallic com- 
pounds 

Decarboxylation of a-aryl acids 
Geavage of tertiary alkoxides 
Cleavage of aryl ketones 
Cleavage of aryl ketones with amide 
ions (Halter-Bauer) 
Decyanation of aryl nitriles 
Reduction of phenols, phenolic 
ethers, or phenolic esters 
Reduction of aromatic nitre com- 
pounds 

Coupling of organometallic com- 
pounds with aryl halides, ethers, and 



Arenes (i 
3-16 Cc 

3- 17 A) 

CO 

4- 18 Fr. 

sal 
Pa 

4-21 Fit 
4-22 Ph 
4-24 Rf 
4-29 Di 
440 M 
443 Q 
444. Q 
445 O 

CO 

4-36 Rj 
4-38 Q 
wi 
D 
h) 
A 



441 

5-20 



541 T\ 
6-29 A 

<* 

746 D 
U 

840 PI 

P» 

9-1 A 

ri 

94 0 
943 D 
9-37 R 
943 R 

Aryl Hi 

1-11 H 

P 
R 

0 

.» 
h 

141 B 
h 
ft 
I 



145 



149 



142 
2-30 

34 
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ctions of, 
552 
550 
3M33 
,639 
ion, 810 
of , 549 



iction, 



37 

.1-420, 
i58, 768- 
965 

tutions 

98-100 
. H71, 

*5.m&- 

523 
„417- 
14 

712 
s, 411 
» and 

I 

1-425 
418-419 



toxide. 



ssters, 

.417 
romJde, 

ounds, 

16 

S, 1080- 
ndft, 835 



ides, 499 
560, 
7. 1102 



reductive alkylatton of, 898- 
900 

in the Strecker synthesis, 
965 

sulfonation of, 528 
thtoaJkylation of, 551 
transamination of, 415 
in the Ugi reaction, 9B0 
in the WiUgerodt reaction, 
1237 

Aniinhim radical ions, 527, 

684,692,817 
Amino adds: 
conversion: 
to amtdo ketones, 630- 
631 

to halo acids, 436 

to lactams, 419 
decarboxylation, 629 
formation of, 1277 
protection of, 418, 421 
Amino alcohols, see 

AminoattyUtion,545, 

Aroinode-acytoxy- 

substitution, 418 
Amino-de-eJkoxylation, 421 
(3)0C*eco-Amino-de- 

alkoxylation, 416 
J-Aroino-de-chlorination, 499 
Anuno-do-halogenataon, 411, 

413,417,656 
Ami no-dc-hy drogcoabon , 

416,527,668,712 
Amhw^-hydroxylatiori, 414, 

419,657 
AnnWdc-mcuBation, 616 
Z-Amino-l.l-ojphcnylbuUn-l- 

01,914 
Amino ethers. 391, 461 
Amino ketones; 

formation of, 1278 
Aminomalononitriks, 966 
Aminomercuratioi, 770, 832 
Aminonitrenea, 834 
Amino nitrites, see 

Cyanoamines 
Aminophenols, see 

Hydroxyamlnes 
Aminopyridines, 466 
Aminosulfenylation, 834 
Amino thioethers, 834 
Amino thiols, formation of, 
1278 

5-Aaiiao-2,4,6-triiodo- 

N.N.N'.N'- 

tetiamethylisophthala- 

mide, 162 
Ammonia; 
addition to multiple bonds, 

768-770, 896, 898403 



in Birch reduction, 781 

bond angles, 6, 22 

inversion of, 9849 

inthcMannich 
90O-902 

as a nuckophUe, 411-412, 
415^21, 6^658, 7» 
770,896,898-903,965 

reaction: 

^STacylhaBdes, 417-418 
with aldehydes, 712,896, 
907 

with alkylhalides, 411 
with aJkyl sulfates and 

sulfonates, 412 
wimaimydrides, 41M19 
with carboxylic adds, 419 
with carboxylic 

421,423-424 
withdiazoo 

415, 10S3 
with epoxides, 416 
with multiple bonds, 835 
to give NH, 203 
with ozonidd, 1177 
with sulfonyl haUdea, 499 
reductive afrylatioa of, 898- 

900 

in the Strecker synthesis, 
965 

in the Ugi reaction, 980 
in the Wfllgerodt reaction, 
1237 

Ammonium chloride, 659, 

907,965 
Ammonium dihydrogen 

phosphate, 907 
Ammonluin formate, 1210, 

1217 

Ammonium nitrate, 1169 
Ammonium peroxydisulfatc, 

720,11884189 
Ammonium pofysuffide, 1237 
Ammonium sulfide, 1216 
AMI method, 28 
ApAg mechanism, 737 
A N + A K mechanism, 741 
Am + A H racckuiims, 741 
Anchlmeric assisUsce, 309, 

314418,320425, 1055- 

1056, 1060, U19 
in free radical reactions, 

682 

A. + cydo-DBAfD, 

mechanism, 573 
ApPbDn mechanism, 983 
AJ&s +• On mechanism, 991 
AyAi mechanism, 294 
3/1/AnDn mechanisax, 329 
A H + Dm mechanism. 331, 
642 



Angular methyl group, 

oxidation of, 1154 
Anhydrides: 
addition to multiple bonds, 
807 

bisdecaxboxylation of, 1187 
condensation with 
aldehydes, 954 
conversion: 
to acyl azides, 429 
to acyl fluorides, 438 
to amides, 41*419 
to carboxylic esters, 392- 
393 

to imides, 419, 427 

to mixed anhydrides, 405 

to peroxides, 403 

to thiol adds and esters, 

.4 AO 

a of, 401 

i of. 1278 

halogenation of, 590 
in hydroacylation. 806 
hydrolysis of , 377 
reaction: 
with active hydrogen 

compounds, 490, 491 
with aldehydes and 

ketones, 491, 890, 971 
with alkenes, 599 
with amino adds, 630431 
with aromatic rings, 540- 
541 

with enamines, 602 
with organometallic 
compounds, 488-489, 
' 932 
with phosphoranes, 962- 

963 
with SF 4 , 909 
with sulfoxides, 1236 
reduction of. 448, 1213- 
1215 
Aniline, 270 

Anionic deavage, 592, 593, 

626-633,761 
1,3-Anionic cydoadditions, 

854 

Anlonotroplc rearrangements, 
1051 

Anisok, 525 

Annellation, 44, 46, 60 

Annual Reviews, 1253-1254 

Annulenes, 51-66 

1181 Annulene, 714 

Anodic oxidations, 703, 712 

Anomcric effect, 147 

AntBrafeotal reactions, 851, 
857-858,875, 960, 
1031, 11224125, 1127 

Anthracenes, 37, 43, 1192 

Anthrarruinone, 1192 



